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1.0 INTRODUCTION 


The problem of controlling and disposing of mankind's wastes 
has, in the past several years, grown to such proportions as 
to demand attention. In particular, increased public concern 
over the quality of the environment has brought considerable 
pressure to bear in seeking solutions to these problems. 


One of the most severe waste disposal problems facing us 
today is that of liquid waste. This is especially true in 
Eastern Massachusetts, where dense population, concentrated 
industries and often antiquated sewage treatment practices 
have combined to pollute many of our rivers and groundwater 
supplies and to materially threaten those which are not 
polluted. The sources of this pollution are basically three: 
domestic sewage, industrial wastewater and storm water 
runoff. Each offers its particular problems and is amenable 
to different solutions. 


Before any solutions are sought, however, the scope of the 4 
problem at hand must be known. This requires data gathering F 
efforts, such as the one contained in these pages, to provide 

the basic data on regional wastewater production necessary to 

successfully plan for its control. 


1.1 Purpose 


X the purpose of this study is to collect existing information 
and generate new information on the magnitude and composition 
of certain industrial and manufacturing process wastewater 
discharges in the Eastern Massachusetts Metropolitan Area and 
to project the magnitude of this problem into the future. 
Additionally, the data collected is to be placed into a 
computer assisted retrieval and plotting system to allow it 
to be used as an effective planning oe Ne 


1.2 Scope and Limitations 


The scope of this project must be described in terms of two 
parameters: geographic focus and industries studied. 


The geographic focus of this study is Eastern Massachusetts. 
The study area is bounded approximately by Route 495 and 
includes all of Suffolk County, most of Norfolk, Middlesex 
and Essex Counties and small portions of Plymouth County to 
the South and Worcester County to the West. As shown in 
Figure 1, the study area contains 109 communities. Of these 
109 communities, thirty-two fall within the SUASCO study 
area. The remaining seventy-seven fall primarily within the 
drainage areas of the Neponset and Charles Rivers to the 
south of Boston and the Mystic, Danvers and Ipswich Rivers to 
the north. Table 1 lists the communities within the study 
area. Those which fall entirely or partly in the SUASCO 
study area are marked with an asterisk. 


The industrial focus of this study is delineated in Table 2. 
These twenty-seven industrial groups represent most of the 
major water using industries in the Eastern Massachusetts 
Metropolitan Area. 


Thus, the scope of the study is to inventory twenty-seven 
industries in 109 communities. This report includes studies 
of all the industries presented in Table 2 in the 109 
communities which make up the Eastern Massachusetts 
Metropolitan Area. 


To allow planning to meet future wastewater disposal needs, 
jt was necessary to project the expected industrial waste 
loads well into the future. Current levels of industrial 
waste were projected to the years 1990, 2020 and 2050 and can 
serve as estimates for the intermediate and long-range 
planning of waste treatment facilities. 


The limitations of the study are those of scale. The purpose 
of the study is to provide information on the magnitude and 
composition of industrial wastewater discharges for 
twenty-seven industrial groups at the regional level. The 
techniques used and the data collected are appropriate to 
this scale. Thus, the data contained herein is only 
appropriate for use at that scale and for the industries 


a TT ee eee Saree a 


| 
| 
| 


WNSEND / PEPPEREL 


SCALE IN FEET 


—— /7| saxon M. Correll 
and Associates 
Wellesley Hills, Mass. 


i 7 
Vda zt 7 
~» “ 
Mop sha 7s a a Gypyff' 
ON sy anon NS 
aS Say 


U 
» Wt We 
N ZeRantace 4 4 
xs t ype ie Y Py 
4 MIR 4 * NN hag 
fy Vp Typ Yp- x YY PU » 
-* 
Cand Le YX, Vy yf, by 
ot % \ Vy TOUGHT aM J: ‘ js 
\ y 4 x ere 
\WORPOL K ! - 
FRANKLIN Dem m5 Rei 
Ly SRARON, BROCKTON hee 
Oho FOXBOROUGH SIE ER 
‘ { Easton ~<A. East \ 
AIny, \ { west \ BRIDGE 
le MANSFIELD - gies \ waren pees 
‘ / 
EE cael ee oe ch eet / Vso 
v ~ Beto) 7 \ - 
SS APM BT Oy / 
‘Gee ~~ 


A STUDY OF INDUSTRIAL WASTES 


EASTERN MASSACHUSETTS 
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Figure 1 
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TABLE 1. EASTERN MASSACHUSETTS 
METROPOLITAN AREA COMMUNITIES 


ACTON * CHELMSFORD * HULL 

ARLINGTON CHELSEA IPSWICH 

ASHLAND * COHASSET LEXINGTON * 

AVON CONCORD * LINCOLN * : 
BEDFORD * DANVERS LITTLETON * 4 
BELLINGHAM DEDHAM LYNN ; 
BELMONT DOVER LYNNFIELD 
BERLIN * DUXBURY MALDEN 
BEVERLY ESSEX MANCHESTER ) 
BILLERICA * EVERETT MARBLEHEAD 


BOLTON * FRAMINGHAM * MARLBOROUGH * 

BOSTON FRANKLIN MARSHFIELD : 
BOXBOROUGH * GLOUCESTER MAYNARD * : 
BOXFORD HAMILTON MEDFIELD | 
BRAINTREE HANOVER MEDFORD 

BROOKLINE HINGHAM MEDWAY 

BURLINGTON * HOLBROOK MELROSE 

CAMBRIDGE HOLLISTON * MIDDLETOWN 

CANTON HOPKINTON * MILFORD 

CARLISLE * HUDSON * MILLIS 


TABLE 1. 


EASTERN MASSACHUSETTS 


METROPOLITAN AREA COMMUNITIES (CONTINUED) 


MILTON 


NAHANT 


NATICK * 


NEEDHAM 


NEWTON 


NORFOLK 


NORTHBOROUGH * 


NORTH READING 


NORWELL 


NORWOOD 


PEABODY 


PEMBROKE 


QUINCY 


RANDOLPH 


READING 


REVERE 


ROCKLAND 


ROCKPORT 


SALEM 


* 


SAUGUS 
SCITUATE 
SHARON 
SHERBORN * 


SOMERVILLE 


SOUTHBOROUGH * 


STONEHAM 
STOUGHTON 
STOW * 
SUDBURY * 
SWAMPSCOTT 
TEWKSBURY * 
TOPSFIELD 
WAKEFIELD 
WALPOLE 
WALTHAM 
WATERTOWN 
WAYLAND * 


WELLESLEY 


WENHAM 


WESTBOROUGH * 


WESTFORD * 
WESTON * 
WESTWOOD 
WEYMOUTH 
WILMINGTON 
WINCHESTER 
WINTHROP 
WOBURN : 


WRENTHAM 


Communities wh.:ly or partly in the SUASCO 
study area 


INDUSTRIAL GROUPS STUDIED 


TABLE 2. 


Pulp and Paper Mills 


Paperboard, Builders Paper and Board Mills 


Meat Product and Rendering Processing 


Dairy Products Processing 


Grain Mills 


Canned and Preserved Fruits and Vegetable 
Processing 


Canned and Preserved Seafood Processing 


Sugar Processing 


Textile Mills 


Cement Manufacturing 


Feedlots 


Electroplating 


Organic Chemicals Manufacturing 


Inorganic Chemicals Manufacturing 


Plastics and Synthetic Materials Manufacturing 


Soap and Detergent Manufacturing 


Fertilizer Manufacturing 


Petroleum Refining 


Iron and Steel Manufacturing 


Nonferrous Metals Manufacturing 


TABLE 2. INDUSTRIAL GROUPS STUDIED (CONTINUED) 


Phosphate Manufacturing 

Steam Electric Power Plants 

Ferroalloy Manufacturing 

Leather Tanning and Finishing 

Glass and Asbestos Manufacturing 

Rubber Processing and Timber Products Processing 


Hospitals 


covered. It is not intended to characterize exactly any one 
site, but rather to provide data on the aggregation of 
industrial sites in the region. 


Finally, one of the purposes of this study was to develop a 
usable data acquistion system and computer plotting routine 
to allow the manipulation and mapping of the collected data. 
Such a system is required if the data is to become more than 
an artifact. The system developed for this study allows 
almost unlimited flexibility in selecting from the data bank 
and provides maps of the selected industrial locations at a 
scale of 1:150000 (1"=12,500') for the rapid identification 
and location of concentrations of industrial dischargers, and 
at a scale of 1:24000 (1"=2,000') for detailed plotting and 
correlation to standard scale USGS Quadrangle Maps. This is 
supported by USGS Quadrangle Maps which provide accurate 
locations for single sites. 


1.3 Summar 


Data was collected on the individual representatives of 
twenty-seven industrial groups found in the 109 communities 
in the Eastern Massachusetts Metropolitan Area. At each of 
the 743 representatives of these industrial categories, data 
was collected on the source and amount of industrial water 
use and the place and amount of industrial process water 
discharge. Data on the kind and amount of wastes contained 
in each wastewater stream were collected where known and 
estimated where unknown. 


This information was then transferred to a computer-assisted 
data manipulation and plotting system designed for this 
purpose. This allowed the listing and plotting of all of the 
data and selected portions of the data. 


The data manipulations performed indicated that the current 
level of industrial process water discharge in the study area 
is over 31,000,000 gallons per day for the twenty-seven 
industrial groups. Of this, 28,600,000 gallons per day (92% 
of the total) are being discharged by the 71 largest 
dischargers, while 56% of the locations discharged no process 
water. 


Additional manipulations of the data indicated that the 
chemical industries (SIC Code 28) account for 26% of the 
process wastewater discharges of the industries surveyed; the 
food industry (SIC Code 20) accounts for 22%, the paper 
industries (SIC Code 26) for 16% and the textile industry 
(SIC Code 22) for 8%. 


Finally, the data were used as the basis for the projection 
of future industrial waste loads in the area. These 
Predictions indicate that improvements in water use 
technology will offset expected growth in industrial 
Production to a great extent. In fact, process wastewater 
volume from the surveyed industries is expected to remain 
constant until 1990, followed by a rise to about 48,000,000 
gallons per day by 2050. It is felt, however, that these 
rises may be conservative because of the expected 
implementation of more stringent Federal controls on 
industrial discharges and the consequent adoption of better 
treatment processes by the individual industries. 


ee 


2.0 METHODOLOGY 


To treat the industrial wastewater production in the study 
area properly, it was necessary to develop and use many 
sources of information. In an ideal case, each industrial 
location would know and divulge full information on its use 
and discharge of water. This, however, is seldom the case. 
In most instances, an individual industry will know its water 
use, but will have no idea of the quality or quantity of its 
process wastewater. This is particularly true of the small 
shops. Therefore, it was necessary to develop a method of 
estimating wastewater quality and quantity for those 
industries. Thus, the first step in the inventory process 
was to collect existing literature on the various industrial 
types covered in the survey. 


2.1 Industrial Literature Surveys 


Literature surveys were prepared for each industrial 
classification covered by the study. Data on the quality and 
quantity of process wastewater were compiled from the 
literature search and _ provided guidelines with which 
site-specific data from study area industries were compared 
and validated. In cases where no site-specific information 
is available, the literature provided data which served as 
estimates of industrial wastewater quality. 


2.1.1 Data Sources 


Several kinds of sources were used to compile the industrial 
literature surveys. Literature gathered from local public 
and university libraries, the EPA, and the Army Corps of 
Engineers provided information on industrial processes and 
wastewater production and case studies of individual 
manufacturing firms. Other information sources were agencies 
serving local industries and Massachusetts State government 
departments. A bibliography of the literature reviewed for 
industrial classifications is found in Appendix J. 


2.1.2 Manipulation of Information 


Wastewater figures found in individual case studies for a 
particular industry were compared, and where possible, 
averaged together to provide generalized figures for 
wastewater pollutant quantities. An attempt was made to 
locate as many case studies as possible on each kind of 
industry so that generalized values would be drawn froma 
representative cross section of the industry. Where a study 
was found to have already compiled and summarized the 
wastewater figures for a large number of individual 
manufacturers of an industry, this information was used in 
the estimation of effluent quality. 


2.1.3 Discussion of the Industrial Literature Surveys 


The bibliography presented in Appendix J was prepared from 
existing information found in the scientific literature. 
Thus, their completeness and accuracy is dependent upon the 
quality of that literature. It became apparent during the 
course of this study that, for the most part, the 
availability of wastewater literature on an industry was 
directly proportional to the severity of its pollution load. 
For example, Pulp and Papermaking, Textiles, and Leather are 
large users of water and often heavy polluters, and the 
wealth of literature on them reflects this. On the other 
hand, Glass manufacture uses almost no water and uses 
primarily silica, which is chemically inert, as a raw 
material. In this case, the literature contains almost no 
reference to wastewater quality. 


Additionally, several of the industrial categories exhibit 
peculiarities of a particular industry within that category 
or peculiarities of the representatives of an industry in the 
study area. These are discussed individually below. 


Chemical Industries, Plastics Industries: These groups 
require special treatment on a site-by-site basis. Each 
group includes a broad range of different processes, and no 
general summary of their wastewater quality is possible. 
Thus, the bibliographies presented for these groups reflect 
very broad groups of processes and cannot be used for 
accurate estimation of effluent quality. 


Feedlots: For the purposes of this study the feedlot 
i industry is defined as the close-penning and intensive 
feeding of livestock for the purposes of fattening the 

animals for market. Agricultural raising of stock where 
: pasturage is important in the feeding of animals is excluded 
from this category. There are no feedlots, as such, in the 
study area. A search of public records and contacts with 
State officials failed to reveal any penned-feeding of beef 
or sheep. Poultry farms and swine herds were also 
investigated. All poultry farms were called, and it was 
discovered that they all confine their birds and collect the 
manure for sale as fertilizer. In this way, they realize an 
extra profit. The hog farms in the study area also failed to 
provide what could be called feedlot conditions. Discussions | 
with Mr. Walter Lewis of the Massachusetts Division of Animal | 
Health indicated that the hog farmers of the area held land 
in ratio to their numbers of animals and did not close-pen 
them, as would be the case in a feedlot. 


Dairy Products Processing: The representatives of the dairy 
product industries knew Jess about their wastes than any 
other group. Therefore, effluent quality was estimated for 
nearly all representatives. This resulted in an unusually 
large estimated discharge of mercury, which was reported in 
the literature as being present in milk wastes. Thus, the 
mercury amounts listed for representatives of the dairy 
products industry should be viewed with some caution. 


2.2 Location Surveys 


To collect location and site-specific data on the industrial 
groups covered by the study, it was necessary to convert from 
the groups presented earlier in Table 2 to a set of 
industrial designations which would allow an accurate 
identification of the operations at a particular site. Such 
a set of industrial designations was found in the Standard 
Industrial Classification Manual-1972, published by the U. S. 

ce of Management and Budget. The correspondence between 
the study groups and the Standard Industrial Classification 
(SIC) Codes is given in Table 3. These codes represent the 
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major process in a plant, even though subprocesses might fall 
under other codes. An example of this is the electroplating 
associated with the production of electronic components. 
This listing allows the separation of industries into fine 
breakdowns of product and process. One note is in order 
about the SIC Codes. The manual assigns the digits of code 
sequentially, so that all textile mills have 22 as the first 
two digits of their code. Where groups of industries 
correspond to 2 - or 3 - digit SIC groups, only the major 
group corresponds to one or more 4-digit codes. This is the 
case with Electroplating and Petroleum Refining, for 
instance. There are also a few cases where more than one 
major SIC Code must be used to describe a group, such as 
Rendering, some representatives of which are found in Code 
28, Chemicals, while others are found in Code 20, Foods. 


Two additional items of preparatory work were necessary for 
location surveys. The first was the selection of a mapping 
scale and base maps. The locations surveyed were mapped on 
USGS Quadrangle Maps at a scale of 1:24000 (1 inch=2000 
feet). The location system for the study area is presented 
in Figure 2, which shows the location of the USGS Quadrangle 


Maps necessary to cover the study area. A discussion of the 
use of the location coordinate system is presented in Section 
eeeeee 


Finally, a data form was devised to allow the consistent 
presentation of data on each industrial location and to 
facilitate the transfer of this information into a data 
retrieval system. The form is shown in Figure 3 and provides 
the framework for the inventory discussion in Section 2.2.2, 
below. 


2.2.1 Industry Site Lists and Verification 


The list of industrial sites in each SIC Code group covered 
by the study was compiled from the 1973 edition of the 
Directory of New England Manufacturers and from current 
Standard and Poor's and Dun and Bradstreet's listings. This 
list was verified by consulting with the Massachusetts 
Department of Commerce and by individual telephoning. Mr. 
William Tsasfaras, of the Department of Commerce, indicated 
that their data files had been used in the preparation of the 
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New England Directory and that the 1973 version should be 
complete as of January 1, 1973. This was substantiated by 
spotcheck verification using the yellow pages of the 
telephone directory. Finally, about 60% of the locations 
listed in the study area were called individually. This 
allowed elimination of those firms which are offices or 
retail branches of manufacturing companies and those which 
have ceased operation since January 1, 1973. Thus, the list 
of inaustrial sites was positively verified to insure 
complete coverage and negatively verified to eliminate 
nonproducing locations. This listing, which identifies a1] 
industrial sites within the study area represented by the 
categories listed in Table 2 by name and address, is a 
portion of the data presented in Appendix A. 


2.2.2 Information Sources and the Data Form 


Many sources of information were used to supply more specific 
data for the industrial locations. These are discussed in 
the order that they appear on the data collection form. 


Location #: A location number was assigned to each site 
inventoried. This number is simply a numerical identifier 
for a specific site. Location numbers were assigned so that 
a town is generally represented by a _ block of sequential 
numbers. 


SIC Code: The four-digit SIC Code for each location was 
taken from the ! The 
Directory is based on the 1967 version of the Code, but 
listings were converted to 1972 designations in those cases 
where there had been a change. The individual contacts 
confirmed the accuracy of the SIC Code listings in the 
Directory. 


Name, Address and Town: The name, street address and town of 
each industrial site were taken from the Directory of New 
England Manufacturers and verified by telephone calls and 
visits to the Assessors' offices. They are listed on the 
data forms in abbreviated fashion to conserve space. The 


name and address are abbreviated to 15 characters each, and 
the town is represented by a three-letter code, as indicated 
in Table 4. 


Location: The locations of the individual industrial sites 
were found by consulting maps in the Assessors' offices of 
the towns in the study area. These locations were then 
transferred to USGS Quadrangle Maps, which form the basis of 
the location coordinate system presented earlier in Figure 2. 
The Quadrangle Maps are included with this report under 
separate cover. 


The units used to enter the location coordinates on the data 
form correspond to a real world grid of 200 feet. The scale 
of the USGS Maps is 1"=2000 feet, so each grid square equals 
one tenth of an _ inch at this scale. Thus, one unit of a 
location coordinate refers to 200 feet in the real world. 
The USGS Quadrangle Maps which cover the study area were 
assigned corner coordinates based on this scale, as seen in 
Figure 2. To find the coordinates of a point on one of the 
Quadrangle Maps, it is necessary only to note the coordinates 
of the lower left corner of the quadrangle in Figure 2 and 
then measure the distance from the lower left corner to the 
point along the horizontal and vertical directions in tenths 
of inches and add these to the corner coordinates. The X 
location refers to the distance along the horizontal axis, 
and the Y location indicates distance along the vertical 
axis. 


An example might be helpful. Suppose a location is mapped 
ten inches from the left-hand margin of the Natick Quadrangle 
Map and five inches from the bottom. Reference to Figure 2 
indicates that the lower left corner coordinates of that 
quadrangle are X=510, Y=682.5. The coordinates of the point 
of interest are +100 units (10 inches) in the horizontal (xX) 
direction and +50 units (5 inches) in the vertical (Y) 
direction as measured from the lower left of the quadrangle. 
Thus, the coordinates of the point are X=510 + 100 = 610 and 
Y=682.5 + 50 = 732.5. On the data sheet, these are rounded 
to the nearest whole unit and would be entered as X=610, 
Y=733. 
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Seasonal Production: The yariation in seasonal production 
was taken from the indiyidual phone contacts. Most 
industries showed uniform production over the year. The 
exceptions to this were the food industries (SIC Code 20). 
These industries, as expected, show seasonal variations of 
production reflecting availability of raw produce and 
livestock. As a group, these industries tend to show higher 
summer and fall production than winter and spring production. 
There were also a few locations in tanneries (SIC Code 3111) 
and chemicals (SIC Code 28) which showed variation, but their 
number was so few that generalities are impossible. 


Number of Employees: The number of employees was taken from 
the Directory of New England Manufacturers and confirmed by 


the telephone contacts. 


Water Use: Major water source, total consumption, process 
water discharge, major place of discharge, and treatment 
information was generally collected from phone contact with 
individual manufacturing plants. If water use figures were 
not available from this source, the town water departments 
were contacted to give figures for those industries on 
municipal systems. Information on water use was also 
available from industrial permit applications kept on file by 
the Environmental Protection Agency for those industries 
whose wastewater is discharged to a river or stream. Where 
none of these sources was able to provide this information, 
estimates of water use were made by using the industrial 
literature surveys, by comparison to similar sites in the 
area or by applying data contained in The Economics of Clean 
Water, published by the U.S. Environmental Protection Agency 
in 1972. The Economics of Clean Water contains breakdowns of 
industrial process water discharge for each area of the 
country by 4-digit SIC Code. 


It should be noted that the discharge is process water only 
and does not include cooling water and sanitary water 
requirements. Thus, many locations that use large quantities 
of cooling water may show very large total consumption and 
very low or zero discharges. 


The entries for treatment and efficiency represent estimates 
of the in-house treatment provided at a location. "1" refers 
to primary treatment such as_ screening, settling and 
neutralization; "2" refers to secondary treatment, normally 
by bacterial action, and “3" refers ta tertiary treatment 
such as ion exchange. Estimations were marked by asterisks 
on the data sheets, which form a part of the backup 
documentation for this report. 


Pollutants: For many of the industrial locations, figures 

for industrial wastewater pollutants were provided by the EPA 

permit files or by the companies themselves. Where this was 

not the case, estimates of pollutant loads were made from the 

industrial literature surveys or by comparison to other 

similar sites for which data were available. The first eight 

pollutants are commonly listed and were given assigned ; 
locations on the data form. Metals and other pollutants were ; 
less commonly listed, and, hence, were entered on the data 

sheets by using an identifier. The codes used to identify 

the metals and other pollutants are given in Table 5. For 

the metals, the total of all oxidation states was used, due 

to the paucity of information on the valence characteristics 

of the metals in manufacturing effluent. As_ before, 

estimated quantities are marked with an asterisk on the data 

sheet. 
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2.3 Data Retrieval and Plotting 


To allow efficient use of the data files developed by the 
location surveys, a computer data retrieval system and a 
plotting routine have been developed and are in operation. 
This system consists of a data verification routine, a data 
loader, a data selection routine and a plotting routine. The 
system is designed to handle data from this study, but can be 
expanded to include contiguous areas which are being or will 
be studied. 
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2.3.1 Data Verification 


The first stage in using the data retrieval system is to 
encode the data from location surveys onto computer cards. 
The card labels and card column numbers on the data form 
indicate the form of these cards. Five cards are necessary 
for each location, even if some of them contain only the 
identification number and sequence number (which is 
preprinted on the data sheets). This transfer of information 
from data sheet to computer card will seldom be without 
error. For this reason, the first portion of the data 
retrieval system is a data verifier which checks the coded 
data for a number of common errors. 


Number and Sequence of Cards: Each location number must be 
represented by five cards in numerical order. 


Shifted Data Entry: Blanks have been left in the data format 
between each data field. This allows a check for shifted 
data by checking those blanks. Another check is available 
because all numeric entries are right-justified. Any 
deviation from this is considered an error by the verifier. 


Format: Those columns which contain only numeric data are 
checked for the presence of alphabetic characters. 


Improper Codes: Metals and other pollutants are entered by 
the code designations shown in Table 5. Any other letters or 
symbols in those fields are rejected. This is also true for 
the codes given on the data sheet for water source and place 
of discharge. 


When any of these errors are encountered ina check, a 
message is printed indicating the total number of errors in 
the deck and the location and type of each error. This 
allows the data deck to be corrected before final loading. 


2.3.2 Data Loading 


The data loader takes data which has been verified and 
corrected and loads it into a computer tape or disk file. 
This stores that data and allows it to be manipulated. The 
only processing done by the loader is that it distinguishes 
between zeroes and blanks. Thus, any field showing blanks is 
loaded as a-] and any field showing a zero is given a value 
of zero. This allows a distinction to be made between fields 
for which information is not entered and fields which are 
known to be zero. 


2.3.3 Data Selection 


When the data has been loaded into a file, a number of 
selections may be made on the data and listed separately. 
This allows the selection of that portion of the data file 
which is of interest. A selection may be made on any one 
parameter, on several parameters or on a function of one or 
more parameters. The only fields which may not be selected 
on are Location Number, Name, Address and Location. This was 
done to insure that an individual location would not be 
selected. The assurance of this aided greatly in the 
collection of data during the telephone interviews. 


Selection criteria which are available are "greater than", 
"less than" and "equal to". These may be grouped using 
logical statements to select ranges (BOD between 10 and 100 
lb. per day) and other groupings of the data. The logical 
statements which are available are "“and", "or" and a 
negation. The results of any selection made are printed out, 
followed by a summary of the records selected. This summary 
includes the number of records read, the number of records 
selected, the maximum and minimum location coordinates of the 
records selected and a breakdown of the numerical fields in 
the records, including the number of observations, the total 
and the average. Examples of several selections are given in 
Section 3, and a full description of the selection routine is 
given in the user's manual which accompanies this report. 


2.3.4 Plotting 


When a selection has been made, the selected records can be 
mapped by the computer. The plotting routine has been 
designed to use a line printer, so that the plots of the 
location of the selected points may be obtained 
simultaneously with the listings. Plots may be had at a 
scale of 1"=12,500' or 1"=2,000'. The plot routine attempts 
to place the data at its actual location. If, however, it 
cannot fit all the points required into an area, it will 
shift them as far as 2.5 inches in an attempt to plot them. 
True plotted points are shown as "XX" and shifted points as 
"xe" If a point cannot be plotted within 2.5 inches of its 
location, it is not plotted. Such points are listed as "lost 
due to collision" as part of the plot routine output. 
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3.0 PRESENTATION AND DISCUSSION OF DATA 


When the data for the industrial locations in the Eastern 
Massachusetts Metropolitan Area of the study area had been 
compiled, the completed data forms were keypunched and 
computerized. The data retrieval and plotting system was 
then used to sort the data into various forms for 
presentation and discussion. 


3.1 The Industries 


Appendix A contains the list of the 748 industrial locations 
encountered in the study area _ which fell within the 
twenty-seven industrial groups surveyed. The locations of 
the individual sites are indicated on Figure 4. The 
tabulation and plotting indicate several significant points 
about industrial wastes in these communities. 


First, industrial wastewater is a significant problem in the 
area. Process water discharges total in excess of 31,000,000 
gallons per day for the industries surveyed. The total 
Biochemical Oxygen Demand (BOD) loading is 99,000 pounds per 
day, and the Chemical Oxygen Demand (COD) is 170,000 pounds 
per day. There are substantial quantities of nitrate, 
phosphorus and grease. Metals and other pollutants are 
well-represented. 


Second, the industrial locations tend to concentrate in 
groups. This is particularly true of the areas around 
Boston. These dense groupings are of particular interest in 
planning waste disposal systems. 


Finally, an examination of the listings in Appendix A will 
indicate that a few locations discharge a great deal of 
process water, while many locations discharge little or no 
process water. These conditions were investigated by 
selecting from the data file on the size of discharge. 
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Appendix B and Figure 5 show thgse industries, regardless of 
SIC category, discharging greater than 50,000 gallons per 
day. Although there are only 71 such locations, they 
discharge 28,600,000 gallons of wastewater per day and 
account for about 92% of the total daily process wastewater 
load of the surveyed industries. The sites are scattered 
throughout the area, but concentrations of them occur in 
Boston and the Peabody-Salem area. 


These large dischargers are particularly interesting since 
they may be more easily controlled than the more numerous 
small dischargers. 


Another point of interest is the SIC classifications of these 
discharges. Although many codes are represented in the list, 
Code 20 (Foods), with 25 sites discharging greater than 
50,000 gallons per day, and Code 31 feenniteys with 17 sites 
in this list, account for the major portion of the large 
dischargers (42 sites out of 71 total). 


Finally, an examination of the pollutant loads on the summary 
page of Appendix B is of some interest. For instance, 
Appendix A indicates that, for the entire list of surveyed 
sites, BOD is 99,000 pounds per day and discharge is just 
over 30,000,000 gallons. This implies an average BOD load of 
3.3 pounds per thousand gallons for all of the surveyed 
industrial groups. Appendix B, covering only the largest 
dischargers, indicates a BOD value of 82,000 pounds per day 
and a total discharge of 28,600,000 gallons, for an average 
BOD load of 2.9 pounds per thousand gallons. This provides a 
provisional indication that large dischargers can more easily 
provide some form of treatment, thus, exhibiting a slightly 
cleaner discharge than the smaller shops. 


Appendix C and Figure 6 indicate those industrial locations 
which discharge no process wastewater. There are 419 such 
locations in the study area. Thus, while the largest 9% of 
the dischargers accounts for 92% of the wastewater volume, 
56% of the dischargers contribute no process water to the 
waste stream. 


These zero dischargers are not confined to any well-defined 
group of SIC Codes, but generally are the smaller specialty 
shops in each group and are characterized by few employees. 
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The exception to this is the hospitals (SIC Code 806) which, 
in general, have many employees, but produce only sanitary 
wastes. 


Additional Listings 


To provide a further breakdown of the surveyed industrial 
categories, six additional selections were made and plotted. 
These additional breakdowns are used in Section 4 to allow 
predictions of future waste loads. 


Appendix D and Figure 7 show all of the food industries (SIC 
Code 20) in the study area. There are 157 such locations 
concentrated in Boston and north. Their total daily 
discharge is 6,750,000 gallons (22% of the total for all 
industries surveyed). As would be expected from the organic 
nature of their products, they are high producers of BOD 
load, discharging 53,000 pounds per day (54% of the total BOD 
discharged by the surveyed industries). 


Appendix E and Figure 8 present the 95 representatives of the 
textile industry (SIC Code 22). These locations, 
concentrated in Boston, Waltham, Watertown, Stoughton and 
Avon, discharge a total of 2,340,000 gallons of process 
wastewater per day, accounting for 8% of total discharge from 
the surveyed industries. 


Appendix F and Figure 9 show the 10 paper industry (SIC Code 
26) locations. Collectively, these locations discharge 
5,120,000 gallons of process wastes per day (16% of the 
total), with one site (location #352) discharging over four 
million gallons per day. 


Appendix G and Figure 10 list and map the chemical producers 
(SIC Code 28) in the study area. These 102 plants discharge 
8,000,000 gallons of process water per day. This represents 
26% of the total industrial discharge and indicates that this 
group is the largest single source of industrial process 
wastewater in the group of industries covered by this study. 
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Finally, Appendix H and Figure 1] show the metals industry 
(SIC Code 33) in the area. This group, with 74 
representatives, discharges 67,900 gallons of wastewater per 
day, with 60,000 gallons discharged at one location (Location 
#26). No pollutants were reported by this location when 
contacted, apparently because they fail to distinguish 
between cooling water and process water. 


Together, these five groups discharge 22,300,000 gallons of 
industrial process wastewater per day. This is roughly 72% 
of the total discharge from the surveyed industries and 
confirms the results of other studies, (Merrimack: Designs 
for a Clean River), which indicate that these industries are 
normally the heaviest users and dischargers of water among 
the various industries. The one unusual fact which is 
apparent from this breakdown is the small contribution of the 
metals industry, which is often one of the heaviest producers 
of wastewater. The explanation for this lies in the form 
which the industry has taken in Eastern Massachusetts. Far 
renoved from the country's major ore and coal sources, this 
area has very little smelting activity. Rather, the metal 
producers purchase raw stock elsewhere and are primarily 
involved in casting and sintering various objects from 
purchased stock. 
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4.0 FUTURE WASTE LOAD PROJECTIONS 


To estimate the future industrial wastewater loads within the 
study area, it was necessary to make several assumptions. 
This was necessitated by the fact that quantitative 
projections have normally been undertaken for industrial 
water consumption rather than wastewater discharge. 


It was assumed, therefore, that discharge is directly related 

to consumption and is, in fact, a constant percentage of Y 
consumption. This implies that, as industrial processes F 
become more efficient in their use of water, both intake and 

discharge will decrease by similar amounts. 


The basis for this assumption is that recycling can be 

expected to shift both process water consumption and 

discharge downward as foliows. Suppose a plant uses water ' 
once through and has a five percent evaporative loss in its i 
process. One hundred gallons of intake would’ entail j 
ninety-five gallons of discharge. Now let us suppose that 
they recycle water for a second pass. One hundred gallons in 
would be reduced to ninety-five gallons on the first pass and 
to 90.25 gallons on the second pass. Thus, the assumption 
that consumption and discharge will decrease by similar 
amounts is slightly conservative in that evaporative losses 
will slightly reduce the ratio of discharge to consumption. 


It was further assumed that the concentrations of the various i 
pollutants in a wastewater stream will remain constant with : 
time. This implies that a reduction or increase in total } 
effluent volume will cause a like decrease or increase in the i 
total amount of pollutants. This assumption is based on the 
observation that increased water economy is likely to 

increase the ease of recovery of waste products and to make 

some in-house treatment less difficult and expensive by 

reducing the total volume of flow. 


Both of these assumptions represent a slight degree of 
conservatism and will tend to overestimate future waste 
loads, rather than underestimate them. It is likely that, 
with process improvements, more efficient use of water will 
slightly reduce the ratio of discharge to consumption. 
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Additionally, the controls on industrial wastes which are 
likely to be instituted as a result of the Federal Water 
Pollution Control Act Amendments of 1972 (Public Law 92-500) 
will most probably cause reductions in _ pollutant 
concentrations in industrial wastewaters. While the Act's 
goal of "Zero Discharge" by 1985 might not be realized, it 
does suggest that industrial wastes may be far better 
controlled in the future than currently. 


Thus, the projections made herein for the industrial groups 
covered in this study are designed to serve as a _ reasonable 
upper bound for planning purposes. How nearly these upper 
bounds are reached depends on the level of enforcement of 
Public Law 92-500 and on future Federal and State legislation 
designed to control industrial wastes. 


Projection Technique 


Using the above assumptions, the technique chosen to predict 
future industrial wastewater discharges was to develop a 
projection factor by which existing wastewater volumes could 
be multiplied to estimate future volumes. 


The methodology for the estimation of such a factor was 
developed by the NEWS Group of the U. S. Army Corps of 
Engineers and was presented by Robert H. Stewart and Ivan 
Metzger in a paper entitled "Industrial Water Forecasts" at 
the 1970 Conference of the American Water Works Association. 


The projection factor, called "F", is defined as 


~ JEox0 
alee ew 


where: 


Employment factor 
Output factor 
Recirculation factor 
Technology factor 


These four factors are designed tq account for the major 
variables governing changes in industrial water use. 


The Employment Factor is defined as the ratio of future 
employment to current employment. Thus, as employment rises, 
production is assumed to rise which causes an increase in 
water use and discharge. 


The Output Factor is the ratio of future product output per 
employee to current output per employee and causes the 
estimate of discharge to rise as employees produce more 
goods. 


The Recirculation Factor is designed to take into account 
future economies of water use. It is defined as the future 
recirculation of water divided by the current recirculation 
of water. Thus, if an industry increased its recirculation, 
the estimated discharge will be reduced. 


The Technology Factor is defined as the present water use per 
unit product divided by the future water use per unit 
product. Thus, if an industry produces a unit of product 
with less water, the value of "“T" increases and the value of 
"F" decreases. 


The combination of these four factors into one projection 
factor allows for an estimate of the net effects of growth or 
decline of an industry (measured by "E"), changes in employee 


efficiency (measured by "0O") and changes in_ processes 
(measured by "R" and "T"). 


4.2 The Economic Factors (E x 0) 


A simple determination of the Employment and Output Factors 
can be made by noting a relationship between them. 


E = future employment 

current employment 
future output per employee 
current output per employee 
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This implies that: 
ExQ= future total output 
current total output 


The most common measure of industrial output is constant 
dollar production. This allows a direct determination of E x 
Q from economic projections of future constant dollar 
production. These projections are available from the 1972 
Obers Projections-Regional Economic Activity, in the U.S. 
published by the U. S. Water Resources Council. The figures 
used are those presented for the Massachusetts Coastal Zone, 
which is the Obers study area most nearly approximating the 
Eastern Massachusetts Metropolitan Area. 


Table 6 presents the E x OQ factors taken from the Obers 
Projections for the major industrial groups. It should be 
noted that the values for 2050 were linearly extrapolated 
from the values for 2000, 2010 and 2020 given by Obers. 
These factors indicate that production growth is expected in 
all groups, but that Paper, Chemicals and other Manufacturing 
will be the major areas of growth. 


4.3 The Process Factors (R x T) 


The Recirculation and Technology factors are, at best, only 
knowledgeable estimates of future conditions. These factors 
have been estimated for other studies and the state of the 
art is not such that the locational sensitivity of these 
factors can be accurately assessed. Therefore, the "R" and 
"T" values used for this projection were derived from those 
presented by Stewart and Metzger and from the values used in 
Alternative Regional Water Supply Plans for Northern New 
Jersey, New York City, Western Connecticut Metropolitan Area, 
November, 1971, prepared for the New England Water Supply 
Study (Corps of Engineers) by Metcalf and Eddy. In both of 
these studies, the "R" and "T" factors have been assumed to 
grow linearly with time. Thus, they were extrapolated on a 
straight line to yield values for 2050. The “R" and “T" 
factors are presented in Table 7. 
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An examination of these factors indicates that both 
recirculation of water and technglogical economy of water 
will both increase in the future. This is especially 
noticeable in the chemical industries. These increasing 
economies will tend to offset the growth in discharge which 
would be predicted by the economic factors alone. 


4.4 “F" -Factors and Projections 


Combining the economic and process factors given in the 
preceding sections gives the weighting factors for predicting 
future waste loads. These factors are given in Table 8. 
These figures indicate that a combination of relatively slow 
growth and moderate technological improvements can be 
expected to reduce overall discharges for the textile 
industry and for the primary metals industry. In all others, 
production growth will outstrip technology improvements, and 
a net increase in discharge is expected. 


The implications of this for the total process wastewater 
load in the study area may be investigated by using the 
industrial breakdowns presented in Section 3.2. Table 9 
shows the computation of future waste loads from these 
breakdowns. 


An examination of these predictions indicates that , for the 
industries surveyed, some overall growth in industrial 
wastewater discharge is to be expected in the study area. In 
fact, process wastewater loads for the surveyed industries 
are expected to remain essentially constant through 1990 and 
then to increase by 45% by 2020 and 55% by 2050. 


Since the derivations of the yrowth factors made conservative 
assumptions regarding future legal action in the area of 
industrial waste control, some confidence may be had in these 
estimates. Thus, it appears that the industrial wastewater 
load from the surveyed industrial groups in the study area 
may remain fairly constant during the next two decades and 
then rise to 48 million gallons by 2050. 
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APPENDIX B 


INDUSTRIES DISCHARGING 
50,000 OR MORE GALLONS PER DAY 
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APPENDIX C 


INDUSTRIES DISCHARGING 
ZERO GALLONS PER DAY 
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APPENDIX E 
TEXTILE INDUSTRIES (SIC Code 22) 
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APPENDIX F 
PAPER INDUSTRIES (SIC Code 26) 
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APPENDIX H 
METALS INDUSTRIES (SIC Code 33) 
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APPENDIX I 
POINTS LOST FROM PLOTS 


The plotting routine for the wastewater data makes an 
extensive effort to place all points on each output. 
However, if data density is such that a shift of greater 
than 2.5 inches is required, the point is not plotted. This 
usually occurs only at the 1:150000 scale and is limited to 
extremely dense areas. This appendix contains a listing of 
se points lost in the 1:150000 scale plots used in 
preparing Figures 4 through 11 of this report. 


Figure 4. All Industries 


Location numbers of points lost due to collision, ordered 
from top of map to bottom. 


693 522 880 411 197 366 715 
687 428 893 895 783 205 773 
686 821 899 407 344 346 680 
698 437 440 424 363 297 709 
692 510 44] 176 200 290 705 
702 819 872 213 207 228 758 
610 876 892 209 206 282 783 
600 865 902 430 356 252 762 
603 420 410 412 373 231 780 
509 868 907 901 360 291 775 
472 433 212 417 358 240 792 
482 894 444 418 368 247 763 
463 897 909 432 367 246 759 
464 405 645 415 359 295 777 
518 406 89] 644 194 253 779 
479 425 214 175 22) 254 765 

179 362 676 767 


Figure 5, Industries Discharging Greater 
Than 50,000 Gallons Per Day 


No locations were lost due to collisions. 


Figure 6. Industries Discharging Zero 
Gallons Per Day 


Location numbers of points lost due to collision, ordered 
from top of map to bottom. 


513 417 206 216 230 240 
479 432 207 221 218 248 
48] 415 373 362 215 253 
443 370 359 205 231 269 
213 200 194 222 291 


Figure 7. Food Industries 


Location numbers of points lost due to collision, ordered 
from top of map to bottom. 


405 
44] 
430 
432 


360 
368 


' 


Figure 8. Textiles Industries 


Locations 359 and 362 were lost due to collisions. 


Figure 9. Paper Industries 


No locations were lost due to collisions. 
Figure 10. Chemical Industries 


No locations were lost due to collisions. 


Figure 11. Metals Industries 


No locations were lost due to collisions. 
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